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ANTIBODIES TO MARINE CALICIVIRUSES IN THE PACIFIC WALRUS
(ODOBENUS ROSMARUS DIVERGENS ILLIGER)'

J. E. Barlough,2® E. S. Berry,2 D. E. Skilling,> A. W. Smith,? and F. H. Fay*

ABSTRACT: Sera from 155 Pacific walruses (Odobenus rosmarus divergens lIlliger), sampled in
the Chukchi Sea during the summer of 1983, were tested for serum neutralizing (SN) antibodies
to six marine calicivirus serotypes. Serotypes tested included San Miguel sea lion virus (SMSV)
types 1, 5, 8, and 10, previously isolated from northern fur seals (Callorhinus ursinus Linné) in
the Bering Sea; walrus calicivirus (WCV), previously isolated from walrus feces collected off sea
ice in the Chukchi Sea; and Tillamook calicivirus (TCV), a bovine isolate from Oregon of sus-
pected marine origin. No antibodies were found to SMSV-1, SMSV-10, or TCV. Antibodies to
SMSV-5 were found in two animals (titers 1:20 and 1:160); antibodies to SMSV-8 were found in
four animals (all 1:20); and antibodies to WCV were found in one animal (titer 1:40). Antibodies
to WCV have been found in the Pacific walrus previously; however, this represents the first report

of antibodies to any of the SMSV serotypes in this marine mammal.

INTRODUCTION

Previous reports indicate that calicivi-
ruses are present in numerous marine
species within the Pacific Ocean basin
(Smith, 1981; Barlough et al., 1986). Since
1972 11 distinct caliciviruses, the San
Miguel sea lion viruses (SMSV’s), have
been isolated from marine mammals and
from an ocean fish (opaleye, Girella ni-
gricans Ayres). The California sea lion
(Zalophus c. californianus Lesson) and the
opaleye are believed to be intimately in-
volved in maintenance of the SMSV epi-
zootic/enzootic cycle in coastal waters of
southern California (Smith et al., 1976,
1980; Smith, 1981; Barlough et al., 1986).
Cycles of calicivirus in far northern waters,
however, remain poorly characterized. It
has been proposed that certain migratory
species, most notably the northern fur seal
and the California gray whale (Eschrich-

Received for publication 6 June 1985.

' Presented at the 16th Annual Conference and
Workshop, International Association for Aquatic
Animal Medicine, Tacoma, Washington, USA, 12~
15 May 1985.

* Calicivirus Research Laboratory, College of Veter-
inary Medicine, Oregon State University, Corvallis,
Oregon 97331, USA.

s Present address: Department of Pathobiological Sci-
ences, School of Veterinary Medicine, University of
Wisconsin, Madison, Wisconsin 53706, USA.

* Institute of Marine Science, University of Alaska,
Fairbanks, Alaska 99701, USA.

Downloaded From: https://bioone.org/journals/Journal-of-Wildlife-Diseases on 24 Apr 2024
Terms of Use: https://bioone.org/terms-of-use

tius robustus Lilljeborg), may be infected
by SMSV’s in southern California waters
and subsequently carry the agents north-
ward to the Bering Sea (Smith et al., 1980).
In fur seals, SMSV’s appear to pass through
the northern herds in epizootic form and
then disappear, suggesting that appropri-
ate reservoirs for over-wintering or long-
term maintenance of caliciviruses are not
present (Smith et al., 1976).

In 1977 a distinct calicivirus serotype,
the walrus calicivirus (WCV), was isolated
from Pacific walrus (Odobenus rosmarus
divergens llliger) feces collected off sea
ice in the south-central Chukchi Sea
(Smith et al., 1983b). To date there is no
evidence, either virological or serological,
linking this agent to any other animal
species. This, combined with the recent
finding (Smith et al., 1981a) of calcivi-
rus antibodies in bowhead whales (Balae-
na mysticetus Linné)—another species
which, like the walrus, is confined year-
round to the shifting margins of the Arctic
pack ice—suggests that northern reser-
voirs capable of maintaining calicivirus
cycles may exist.

Here we present the results of a sero-
logic investigation intended to estimate,
for the first time, the degree of exposure
of the Pacific walrus to a number of ma-
rine calicivirus serotypes. The ultimate aim
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TABLE 1. Antibodies to marine caliciviruses in sera from Pacific walruses (Zykovo cruise, 1983).
Vi
Neutralizing antibody frus
titers (100% endpoint) SMSV-1 SMSV-5 SMSV.8 SMSV-10 Walrus CV* Tillamook CV
<1:20 155 153 151 155 154 155
1:20 0 1 4 0 0 0
1:40 0 0 0 0 1 0
1:80 0 0 0 0 0 0
1:160 0 1 0 0 0 0
Total positive/no. tested 0/155 2/155 4/155 0/155 1/155 0/155
(% positive) (1.3%) (2.6%) (0.65%)

+ CV = calicivirus.

of our work, to which this report is pre-
paratory, is to determine the role of the
Pacific walrus (and other northern species
of marine mammals) in the maintenance
of calicivirus cycles in far northern waters.

MATERIALS AND METHODS

Sera were collected in July and August 1983
from 155 walruses, of mixed age and sex, har-
vested aboard the commercial Soviet sealing
vessel ZRS Zykovo (Lowry and Fay, 1984). The
cruise track covered extensive near-shore (Chu-
kotka) and ice-front leads, generally southeast
of Wrangell Island, in the Chukchi Sea. Sera
were tested for serum neutralizing (SN) anti-
bodies to the five recognized calicivirus sero-
types previously isolated from northern marine
mammals (SMSV-1, SMSV-5, SMSV-8, SMSV-
10, and WCV) (Barlough et al., 1986), and for
antibodies to Tillamook calicivirus (TCV), a re-
cent bovine isolate from Oregon (Smith et al.,
1983a) suspected to be of marine origin. A mi-
crotiter (96-well) SN procedure using Vero cells
was performed, first to screen sera at a dilution
of 1:20, and then to titrate positive samples
(Smith et al., 1976). Serum-virus mixtures were
incubated for 60 min at room temperature prior
to addition of cells. The antibody titer was de-
fined as the highest dilution of serum complete-
ly neutralizing 100 TCID,, of virus in all four
replicate test wells (100% end-point). Tests for
the SMSV’s and for TCV were read after 72
hours’ incubation. The WCV required 5 days’
incubation because of its slower, more cell-as-
sociated cytopathology. Type specificities were
checked by neutralization and reciprocal cross-
neutralization with the appropriate rabbit hy-
perimmune antisera (Smith et al., 1983a).

RESULTS AND DISCUSSION

Seven of 155 (4.5%) sera contained ca-
licivirus-neutralizing activity (Table 1).
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Antibodies were found to SMSV-5,
SMSV-8, and WCV. As shown in Table 2,
all seven positive results were obtained
from separate individuals. Most notable
were the 1:40 titer to WCV in walrus 085
and the 1:160 titer to SMSV-5 in walrus
067. All calicivirus serotypes were neu-
tralized only by their respective rabbit hy-
perimmune antisera in neutralization and
reciprocal cross-neutralization tests.

Since the original isolation of WCV, an-
tibodies to this agent have been found in
several Pacific walruses (Smith et al.,
1983b). Our additional finding of antibod-
ies to SMSV-5 and SMSV-8 in walruses
represents the first evidence of exposure
of this marine mammal species to any of
the SMSV’s. However, the low prevalence
of antibodies to all three viruses (Table 1)
suggests that none was actively epizootic
during the summer of 1983 in the walrus
population sampled (Smith et al., 1976).
This was not totally unexpected, consid-
ering that these agents were isolated orig-
inally several years before the Zykovo
cruise (SMSV-5 in 1973, SMSV-8 in 1976,
and WCYV in 1977) (Barlough et al., 1986).
Nearly thirty distinct marine calicivirus
serotypes have been recovered from a
number of animal species over the past 50
yr; in no case has any serotype been re-
isolated more than 3 yr after its original
recovery (Barlough et al., 1986). Whether
this sequential isolation of viruses repre-
sents continual emergence of new sero-
types through natural genetic change, or
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TABLE 2. Neutralizing antibody profiles of seropositive Pacific walruses.

Virus
Tillamook
Animal no. Sex Age (yr)* SMSV-1 SMSV-5 SMSV-8 SMSV-10  Walrus CV* CvV
042 F 22 Nege Neg 1:20 Neg Neg Neg
067 F 14 Neg 1:160 Neg Neg Neg Neg
082 F 13 Neg 1:20 Neg Neg Neg Neg
085 M 14 Neg Neg Neg Neg 1:40 Neg
212 F 16 Neg Neg 1:.20 Neg Neg Neg
284 F 29 Neg Neg 1:20 Neg Neg Neg
291 M 14 Neg Neg 1:20 Neg Neg Neg

* Determined by dental examination (Fay, 1982).
*CV = calicivirus.
< Negative result = <1:20.

simply random selection from a large pool
of circulating serotypes, has been the sub-
ject of unresolved discussion for many
years (Smith, 1981; Barlough et al., 1986).

The primary route of transmission of
marine caliciviruses is believed to be in
the food chain (Smith et al., 1976, 1980,
1983a, b; Smith, 1981; Barlough et al,
1986). In southern California coastal
waters, certain ocean fishes such as opaleye
apparently serve as reservoirs of calicivi-
rus for their natural predator, the Califor-
nia sea lion (Smith et al., 1980; Smith,
1981; Barlough et al., 1986). In Arctic and
subarctic regions, several pinniped and
cetacean species have been found to carry
antibodies to caliciviruses, but a northern
maintenance cycle for these agents has yet
to be identified (Smith et al., 1976, 1981a,
1983b; Barlough et al., 1986). Because
fishes comprise an insignificant portion of
the diet of the Pacific walrus (Fay, 1982),
it seems unlikely that they would provide
a significant, direct source of virus for this
species. However, the possibility still exists
that fishes may serve as northern reser-
voirs, or perhaps as intermediate transport
hosts, ferrying caliciviruses from one
species to another within the walrus’s hab-
itat. The principal foods eaten by walruses
are bivalve molluscs (clams, mussels) (Fay,
1982). These filter-feeders are efficient
concentrators of water-borne microbial
agents (e.g., enteroviruses) (Sobsey, 1982),
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and thus might be important in maintain-
ing calicivirus infection cycles among
walrus populations (and elsewhere). Pro-
longed calicivirus survival in saltwater has
been documented (Smith et al., 1981b),
but no caliciviruses have been isolated to
date from molluscs. Alternatively, walrus-
es are known to prey on other pinnipeds
occasionally (Lowry and Fay, 1984), and
thus might acquire calicivirus infections
directly in this manner. Occasional or cas-
ual physical contact with other pinniped
species—for example, northern fur seals
in the Bering Sea—is considered an un-
likely mode of interspecies transmission,
as discussed previously (Smith et al.,
1983b).

Although it is not possible at this time
to assess the impact of caliciviruses on the
health of the Pacific walrus population,
these agents are known to cause vesicular
lesions, probably abortion, and possibly
encephalitis and pneumonitis, in other
pinniped species (Smith et al., 1980; Smith,
1981; Barlough et al., 1986). However, re-
cent observations of reproductive distur-
bances among Pacific walruses (Fay et al.,
1984) may warrant investigation of pos-
sible calicivirus involvement in this species.
It also must be kept in mind that the low
prevalence of neutralizing antibodies in
the sample population may not necessar-
ily reflect lack of widespread exposure to
these agents. In enzootic areas (e.g., south-
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ern California waters), antibody titers to
specific calicivirus serotypes typically are
low and of sporadic occurrence, except
during periods of epizootic activity (Smith
et al.,, 1976; Berry et al., unpubl. data).
Thus most of the antibody titers detected
in walruses in this study probably reflect
exposure during past epizootics. Elevated
titers under these circumstances (e.g., wal-
rus 067) may indicate rare animals that
have experienced recent infection with
enzootic serotypes.

Further work to isolate caliciviruses
from molluscs and fishes resident within
the walrus’s habitat should be helpful in
elucidating the natural history of these
agents in far northern waters, and in the
identification of northern reservoirs. The
possibility exists, however, that walruses
themselves may act as primary reservoir
hosts, passing caliciviruses directly from
one to another, or through filter-feeding
intermediates such as bivalve molluscs.
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